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Abstract— Compact heat exchangers are one of the most 

critical components of many cryogenic components; they 
are characterized by a high heat transfer surface area per 

unit volume of the exchanger. The heat exchangers having 

surface area density (β) greater than 700 m2/m3 in either 

one or more sides of two-stream or multi stream heat 

exchanger is called as a compact heat exchanger. Plate fin 

heat exchanger is a type of compact heat exchanger which is 

widely used in automobiles, cryogenics, space applications 

and chemical industries. The plate fin heat exchangers are 

mostly used for the nitrogen liquefiers, so they need to be 

highly efficient because no liquid nitrogen is produced, if 

the effectiveness of heat exchanger is less than 87%. So it 

becomes necessary to test the effectiveness of these heat 
exchangers before putting them in to operation. The 

available plate fin heat exchanger has rectangular offset strip 

geometry and is tested in the laboratory using the heat 

exchanger test rig. The experiment is conducted under 

balanced condition i.e. the mass flow rate for both sides of 

fluid stream is same, and the experiment is carried out at 

different mass flow rates. The effectiveness of heat 

exchanger is found out for different mass flow rates. 

Various correlations are available in the literature for 

estimation of heat transfer and flow friction characteristics 

of the plate fin heat exchanger, so the various performance 
parameters like effectiveness, heat transfer coefficient and 

pressure drop obtained through experiments is compared 

with the values obtained from the different correlations. The 

longitudinal heat conduction through walls decreases the 

heat exchanger effectiveness, especially of cryogenic heat 

exchangers, so the effectiveness and overall heat transfer 

coefficient is found out by considering the effect of 

longitudinal heat conduction using the Kroeger’s equation.  
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I. INTRODUCTION 

A heat exchanger is a device to transfer heat from a hot fluid 

to cold fluid across an impermeable wall. Fundamental of 

heat exchanger principle is to facilitate an efficient heat flow 

from hot fluid to cold fluid. This heat flow is a direct 

function of the temperature difference between the two 

fluids, the area where heat is transferred, and the 

conductive/convective properties of the fluid and the flow 

state. This relation was formulated by Newton and called 
Newton’s law of cooling, which is given in Equation (1.1) 

Q = H*A* T ……………… (1.1) 

Where h is the heat transfer coefficient [W/m2K], 

where fluid’s conductive/convective properties and the flow 

state comes in the picture, A is the heat transfer area [m2], 

and T is the temperature difference [K].Figure. 1.1 shows 

the basic heat transfer mechanism 

 
Fig. 1.1: Basic heat transfer mechanism 

Heat exchangers are one of the vital components in 

diverse engineering plants and systems. So the design and 

construction of heat exchangers is often vital for the proper 

functioning of such systems. It has been shown in [Barron, 

1985] that the low temperature plants based on Linde – 

Hampson cycle cease to produce liquid if the effectiveness 

of the heat exchanger is below 86.9%. On the other hand in 

aircrafts and automobiles, for a given heat duty, the volume 

and weight of the heat exchangers should be as minimum as 

possible. So the main requirement for any heat exchanger is 
that it should be able to transfer the required amount of heat 

with a very high effectiveness. In order to increase the heat 

transfer in a basic heat exchanger mechanism shown below 

in Figure 1.1, assuming that the heat transfer coefficient 

cannot be changed, the area or the temperature differences 

have to be increased. Usually, the best solution is that the 

heat transfer surface area is extended although increasing 

the temperature difference is logical, too. In reality, it may 

not be much meaningful to increase the temperature 

difference because either a hotter fluid should be supplied to 

the heat exchanger or the heat should be transferred to a 
colder fluid where neither of them are usually available. For 

both cases either to supply the hot fluid at high temperature 

or cold fluid at lower temperature extra work has to be done. 

Furthermore increasing the temperature difference more 

than enough will cause unwanted thermal stresses on the 

metal surfaces between two fluids. This usually results in 

the deformation and also decreases the life span of those 

materials. As a result of these facts, increasing the heat 

transfer surface area generally is the best engineering 

approach. The above requirements have been the motivation 

for the development of a separate class of heat exchangers 

known as Compact heat exchangers. These heat exchangers 
have a very high heat transfer surface area with respect to 

their volume and are associated with high heat transfer 

coefficients. Typically, the heat exchanger is called compact 

if the surface area density (β ) i.e. heat transfer surface area 

per unit volume is greater than 700 m2/m3 in either one or 

more sides of two-stream or multi stream heat exchanger 

[R.K Shah, Heat Exchangers, Thermal Hydraulic 1980]. The 

compact heat exchangers are lightweight and also have 
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much smaller footprint, so they are highly desirable in many 

applications. 

II. PLATE FIN HEAT EXCHANGER 

Plate fin exchanger is a type of compact heat exchanger 

where the heat transfer surface area is enhanced by 

providing the extended metal surface interface between the 

two fluids and is called as the fins. Out of the various 

compact heat exchangers, plate-fin heat exchangers are 

unique due to their construction and performance. They are 

characterized by high effectiveness, compactness, low 

weight and moderate cost. As the name suggests, a plate fin 
heat exchanger (PFHE) is a type of compact exchanger that 

consists of a stack of alternate flat plates called parting 

sheets and corrugated fins brazed together as a block. 

Streams exchange heat by flowing along the passages made 

by the fins between the parting sheets. Separating plate acts 

as the primary heat transfer surface and the appendages 

known as fins act as the secondary heat transfer surfaces 

intimately connected to the primary surface. Fins not only 

form the extended heat transfer surfaces, but also work as 

strength supporting member against the internal pressure. 

The side bars prevent the fluid to spill over and mix with the 
second fluid. The fins and side bars are brazed with the 

parting sheet to ensure good thermal link and to provide the 

mechanical stability. Figure. 1.2 shows the exploded view of 

two layers of a plate fin heat exchanger. Such layers are 

arranged together in a monolithic block to form a heat 

exchanger. 

 
Fig. 1.2: Exploded view of a plate fin heat exchanger 

III. ADVANTAGES AND DISADVANTAGES 

Plate fin heat exchangers offer several advantages over the 

other heat exchangers: 

1) Compactness: Large heat transfer surface area per unit 

volume (Typically 1000 m2/m3), is usually provided by 

the plate fin heat exchanger. This in turn produces a 

high overall heat transfer coefficient due to the heat 
transfer associated with the narrow passages and 

corrugated surfaces. 

2) Effectiveness: very high thermal effectiveness more 

than 95% can be obtained. 

3) Temperature control: The plate heat exchanger can 

operate with relatively small temperature differences. A 

close temperature approach (Temperature approach as 

low as 3K between single phase fluid streams and 1K 

between boiling and condensing fluids is fairly 

common.),This is an advantage when high temperatures 

must be avoided. Local overheating and possibility of 

stagnant zones can also be reduced by the form of the 

flow passage. 

4) Flexibility: Changes can be made to heat exchanger 
performance by utilizing a wide range of fluids and 

conditions that can be modified to adapt to the various 

design specifications. Multi steam operation is possible 

upto 10 streams. 

5) True counter-flow operation (Unlike the shell and tube 

heat exchanger, where the shell side flow is usually a 

mixture of cross and counter flow.). 

The main disadvantages of a plate fin heat exchanger are: 

1) Limited range of temperature and pressure. 

2) Difficulty in cleaning of passages, which limits its 

application to clean and relatively non-corrosive fluids, 

and 
3) Difficulty of repair in case of failure or leakage between 

passages. 

IV. MATERIALS 

Plate fin heat exchangers are generally, made from an alloy 

of aluminum or stainless steel. However, the process 

temperature and pressure dictates the choice of the material. 

Aluminum alloys are particularly suitable for low 
temperature applications because of their low weight and 

excellent ductility and increasing strength under such 

conditions. In general, the fins or secondary surfaces and the 

side bars are usually joined to the separating plate by using 

dip brazing technology or more recently vacuum brazing 

technique. The brazing material in case of aluminum 

exchangers is an aluminum alloy of lower melting point, 

while that used in stainless steel exchangers is a nickel 

based alloy with appropriate melting and welding 

characteristics. 

V. MANUFACTURE 

The basic principles of plate fin heat exchanger manufacture 

are the same for all sizes and all materials. The heat 

exchanger is assembled from a series of flat sheets and 

corrugated fins in a sandwich construction. Separating plates 

(i.e. parting sheets) provide the primary heat transfer 

surface. Separating plates are positioned alternatively with 

the layers of fins in the stack to form the containment 

between individual layers. These elements i.e. the 
corrugations, side-bars, parting sheets and cap sheets are 

now held together in a jig under a predefined load, and 

placed in a furnace and brazed to form the plate fin heat 

exchanger block. After this the header tanks and nozzles are 

welded to the block, taking care that the brazed joints 

remain intact during the welding process. Differences arise 

in the manner in which the brazing process is carried out. 

The methods in common use are salt bath brazing and 

vacuum brazing. In the salt bath process, the stacked 

assembly is preheated in a furnace to about 5500 C, and then 

dipped into a bath of fused salt composed mainly of 

fluorides or chlorides of alkali metals. The molten salt 
works as both flux and heating agent, maintaining the 

furnace at a uniform temperature. In case of heat exchangers 

made up of aluminum, the molten salt removes grease and 

the tenacious layer of aluminum oxide, which would 

otherwise weaken the joints. Brazing takes place in the bath 
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when the temperature is raised above the melting point of 

the brazing alloy. The brazed block is cleansed of the 

residual solidified salt by dissolving in water, and is then 
thoroughly dried. In the vacuum brazing process, no flux or 

separate pre-heating furnace is required. The assembled 

block is heated to brazing temperature by radiation from 

electric heaters and by conduction from the exposed 

surfaces into the interior of the block. The absence of 

oxygen in the brazing environment is ensured by application 

of high vacuum (Pressure ≈ 10-6 Mbar). The composition of 

the residual gas is further improved (lower oxygen content) 

by alternate evacuation and filling with an inert gas as many 

times as experience dictates. No washing or drying of the 

brazed block is required. Many metals, such as aluminum, 

stainless steel, copper and nickel alloys can be brazed 
satisfactorily in a vacuum furnace. 

VI. FLOW ARRANGEMENT 

A plate fin heat exchanger can have two or more than two 

streams, which may flow in directions parallel or 

perpendicular to one another. When the flow directions are 

parallel, the streams may flow in the same or in opposite 

sense. So there are three primary flow arrangements for a 
plate fin heat exchanger – (i) parallel flow, (ii) counter-flow 

and (iii) cross flow. Thermodynamically, the counter-flow 

arrangement provides the highest heat (or cold) recovery, 

while the parallel flow geometry gives the lowest. While the 

cross flow arrangement, gives an intermediate 

thermodynamic performance, by offering superior heat 

transfer properties and easier mechanical layout. Under 

some circumstances, a hybrid cross – counter-flow geometry 

provides greater heat (or cold) recovery with superior heat 

transfer performance. Thus in general engineering practice, 

there are three main configurations for the plate fin heat 

exchangers: (a) cross flow, (b) counter-flow and (c) cross-
counter flow. 

A. Cross flow: 

In this type of heat exchangers as shown in the Fig. (1.3) the 

fluids flow in directions normal to each other. 

Thermodynamically the effectiveness for cross flow heat 
exchangers falls in between that for the counter flow and 

parallel flow arrangements. The largest structural 

temperature difference exists at the corner of the entering 

hot and cold fluids. Only two streams are handled, in a cross 

flow type of a heat exchanger which eliminates the need for 

distributors. For this type of heat exchangers the header 

tanks are located on all four sides of the heat exchanger 

core, making this arrangement simple and cheap. If high 

effectiveness is not necessary, and if the two fluid streams 

have widely differing volume flow rates, or if either one or 

both streams are nearly isothermal (as in single component 

condensing or boiling), then the cross flow arrangement 
should be preferred. Typical applications include automobile 

radiators and some aircraft heat exchangers. (Fig.1.3 shows 

a cross flow arrangement). 

 
Fig. 1.3: Cross flow arrangement 

B. Counter flow:  

In a counter flow heat exchanger the two fluids flow parallel 

to each other but in opposite directions. The counter-flow 

heat exchanger provides the most thermally effective 

arrangement for recovery of heat or cold from process 
streams. A counter flow arrangement is thermodynamically 

superior to any other flow arrangement. It is the most 

efficient flow arrangement, producing the highest 

temperature change in each fluid compared to any other 

two-fluid arrangement for a given overall thermal 

conductance (UA), fluid flow rates and fluid inlet 

temperatures. Cryogenic refrigeration and liquefaction 

equipment use this geometry almost exclusively. But this 

type of heat exchangers demands proper design because of 

the complex geometry of headers. (Fig. 1.4 shows a counter 

flow arrangement for heat exchanger) 

 
Fig. 1.4: Counter flow arrangement 

C. Cross-Counter flow:  

The cross-counter flow geometry is a hybrid of counter-flow 
and cross flow arrangements, delivering the thermal 

effectiveness of counter-flow heat exchanger with the 

superior heat transfer characteristics of the cross flow 

configuration. In this arrangement, one of the streams flows 

in a straight path, whereas the second stream follows a 

zigzag path normal to that of the first stream. While moving 

along the zigzag path, the second fluid stream covers the 

length of the heat exchanger in a direction opposite to that of 

the direct stream. Thus the flow pattern can be assumed to 

be globally counter-flow while remaining locally cross flow. 

Cross-counter flow PFHEs are used in applications similar 

to those of simple cross flow exchangers, but they allow 
more flexibility in design and fabrication. They are 

particularly suited for the applications where the two 

streams have considerably different volume flow rates, or 

permit significantly different pressure drops. The fluid with 

the larger volume flow rate or that with the smaller value of 

allowable pressure drop is made to flow through the straight 

channel, while the other stream follows the zigzag path. For 

example, in a liquid-to-gas heat exchanger, the gas stream 

with a large volume flow rate and low allowable pressure 

drop is assigned the straight path, while the liquid stream 

with a high allowable pressure drop flows normal to it over 
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a zigzag path. This arrangement optimizes the overall 

geometry. (Fig.1.5 shows a cross-counter flow arrangement 

for heat exchanger) 

 
Fig. 1.5: Cross-counter flow arrangement 

VII. ANALYSIS 

The main aim of present work is to calculate the 

performance parameters like, effectiveness, overall heat 

transfer coefficient of the plate fin heat exchanger. In order 

to find the performance of present heat exchanger a number 

of experiments were carried out at different mass flow rates 

and at different hot fluid inlet temperature under balanced 

flow. Table 5.1 shows the experimentally observed data 

Flow 

Rate 

(litr/min) 

P1 

(Kg/cm2) 

P2 

(Kg/cm2) 

∆gh 

(mm of 

Hg) 

∆gB 

(mm of 

Hg) 

T1 

() 

T2 

() 
T3 T4 

300 0.08 0.06 9 6 42.24 87.34 96.2 47.15 

400 0.14 0.12 15 12 38.35 87.02 95.12 43.01 

500 0.2 0.17 25 22 38.93 88.49 96.12 43.11 

550 0.24 0.20 30 26 39.82 88..83 96.66 43.48 

588 0.28 0.24 31 27 40.41 88.45 96.20 43.99 

650 0.32 0.26 40 35 41.16 87.86 95.95 44.17 

300 0.08 0.06 8 6 40.92 62.06 66.48 43.06 

400 0.135 0.10 16 14 42.77 62.90 66.43 44.56 

500 0.2 0.16 24 22 39.57 62.52 66.02 41.69 

600 0.28 0.23 31 30 39.94 62.44 65.98 41.73 

650 0.34 0.28 37 34 42.72 62.77 66.34 44.06 

Table 5.1: experimentally observed data.

VIII. CALCULATIONS 

The temperatures values which are obtained experimentally 

are firs of all corrected using the calibration chart, and also 

the pressure values are converted in units of Pa or bar, and 

then used for further calculations. 

T1 = 38.93, T2 = 87.23, T3 = 95.96, T4 = 48.10, P1 = 1.21 

bar, P2 = 1.18 bar, 
Flow rate=500litr/min  

1)  

 
2) Heat capacity of hot and cold fluids, 

Cc = mc*Cpc =  0.010087 KW/K 
for hot fluid, Ch = mh*Cph = 0.010093 KW/K 

3) Capacity Rate ratio, Cr = Cmin/Cmax = . 0.9994 

4)  
5) Number of transfer units, NTU = 15.009 

After considering the effect of longitudinal heat 

conduction. Same steps as described in Chapter 4 are 

followed, but here the NTU value is assumed in such a way 

that the effectiveness obtained from Kroger’s equation 

matches with the experimental value of effectiveness. 

6) Overall Heat transfer conductance,UA0 

UA0 = NTUfCmin = 15.009f 0.010087 

IX. CONCLUSION 

The hot test is conducted to determine the thermal 

performance parameters of the available plate fin heat 

exchanger at different mass flow rates and two different hot 

inlet temperatures of 96 and 66. An average effectiveness of 

91% is obtained. It is found in both the cases that the 

effectiveness and overall thermal conductance increases 

with increasing mass flow rate It is also found that hot fluid 

effectiveness increases with flow rate of the fluid and agrees 

within 4% with the effectiveness value calculated by 

different correlations and that obtained by using the 

simulation software, Aspen. Also the pressure drop 
increases with increasing mass flow rate and experimental 

values are more as compared to theoretical results because 

the losses in pipes and manufacturing irregularities have not 

been taken in to account. For a particular hot inlet 

temperature there is an optimum mass flow rate at which the 

difference between the hot and cold effectiveness of the heat 

exchanger is minimum and at this point the imbalance is 

also minimum. We found that the insulation which is 

provided in the heat exchanger has a significant effect on its 
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performance. It is expected that the imbalance i.e. difference 

between the hot and cold end temperature can be brought to 

a minimum level if a perfect insulation like vacuum is 
provided. 

X. SCOPE FOR FUTURE WORK 

Present tests are conducted at room temperatures and in 

future we can perform the experiment at low temperatures in 

order to check the performance of the present heat 

exchanger for Cryogenic applications. In cold testing air at 

about 100K will be used as the cold fluid. In cold test in 

place of heater a cold box will be used. 
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